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ABSTRACT: 
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silicon film to form fn parallel to the substrate surface a movable contact and elastic support 
portions (23a,23b) for coupling the movable electrode (24) and for elasticaliy supporting its 
movable electrode (24) in a manner to be displaced vertically, the surface region of the 
conductive silicon substrate (21) facing the movable electrode (24) and the elastic support 
portions (23a,23b) is etched away to form therein a low-floor portion (21 L) as a fixed electrode 
surface opposite the movable electrode (24) in parallel thereto, and a micro mirror (25) having a 
vertical reflecting surface is mounted on the movable electrode (24) portion. 
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(54) Optical swrtch and method of making tfie same 



(57) An optical swrtch a conductive silicon suk>strate 
(21) is coated an over the surface area with a sificon film 
to form in parallel to the substrate surface a movatsle 
contact and elastic support portions (23a.23b) for cou- 
pling the movable electrode (24) and for elast'cally sup- 
porting its movat)le electrode (24) in a manner to be 
displaced vertically, the surface region of the conductive 
silicon SLbstrate (21) facing the movable electrode (24) 



and the elastic support portions (23a^3b) is etched 
away to form therein a low-floor portion (21 L) as a fixed 
electrode surface opposite the movable electrode (24) 
in parallel thereto, and a micro mirror (25) having a ver- 
tical reflecting surface is nxxinted on the movatMe elec- 
trode (24) portion. 



FIG,4A 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an optical s 
switch for use in optical communication systems or the 
tike and a method of making the same. 
[0002] Wrth recent developments of optical net- 
works, optical switches are now receiving attention as 
optical devices of the utmost importance. Also there is a io 
demand for their miniaturization in accordance with the 
present trend toward increasingly high-capadty optical 
networks. To meet the demand, a miniaturized optical 
switch has been pro posed whic h has aLHTPN^e swrfch- 
ing portion formed using mtcromachine technology, its is 
structure is depicted in Fig. 1. Reference numeral 10 
denotes a silicon (Si) substrate having a groove cut 
therein by micromachining, wherein there are formed a 
pair of parallel cantilevers 1 4a and 1 4b coupled together 
at their free ends. Focedly disposed on the substrate 1 0 20 
near opposite ends of the cantilevers 14a and 14b 
lengthwise thereof are guide blocks 11 and 13. Dis- 
posed adjacent the guide block 13 is another guide 
block 12 formed integrally with the cantilever free end 
coupling portion. The guide t)lock 12 is coated over the 2s 
entir area of its surface or underside with a soft mag- 
netic film 19c. These gukle blocks 11, 12 and 13 have 
the same height 

[0003] An optical fiber ISA is fbeed its one end on 
the guide block 12 arxJ extended and supported across 30 
the top of the guide block 1 1 . Two optical fiTers 15B and 
15C are fixed at one end in parallel to the guide block 
13. On the sut)strate 10 there are mounted magnetic 
yokes 19a and 19b at both sides of the guide block 12, 
the magnetic yokes 19a and 19b having wound thereon 35 
coils 17a and 17b, respectivety. The magnetic yokes 
19a and 19b are split centrally thereof and have perma* 
nent magnets 18a and 18b inserted between the gaps, 
respectively. 

[0004] With the optical switch of such a construction 40 
as described above, the application of a driving voltage 
to« for example, the coil 17a causes it to attract the soft 
magnetic film 19c coated on the guide block 12 to resit* 
iently bend the cantilevers 14a and 14b toward the mag* 
netic yoke 19a. bringing the light-emrtting end of the 45 
optical f ber 1 5A to the position where rt stands opposite 
the tight-receiving end of the optical iher 15B. On the 
contrary, the voltage application to the coil 17b of the 
yoke 19b causes, the tight-emitting end of the optical 
fiber 1 5A to stand opposite tile light-receiving end of the so 
optical fiber 15G. In this way. light emitted from the opti- 
cal fiber 1 5 A can selectively be launched into the optical 
fibers 15B and 15C. 

[0005] The manufacture of such a conventional 
optical switch encounters a difficulty in th miniaturiza- 55 
tton of the magnetic yokes 19a and 19b witti the coils 
1 7a arKi I7b wourxJ thereon; for example, the substi^ate 
10 inevitably becomes as large as 20 by 17 mm or so. 



has also been proposed to miniaturiz the optical switch 
by forming optical waveguides in the cantilevers 14a 
and 14b in Fig. 1 , but the proposed optical switch struc- 
ture still electromagneticaiiy drives the cantilevers and 
measures atx)ut 16 by 18 mm. Besides, the proposed 
optical switch has a defect that the insertion toss of the 
waveguide is as large as several dB. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present inven- 
tion to provide an optical switch that can be driven at a 
low voltage and hence can be miniaturized, and a 
method of making such an optical switch. 
[0007] The optical switch according to ttie present 
invention comprises: 

conductive substrate means; 
a low-floor portion formed, as fixed electrode 
means, in the conductive substrate means at a level 
tower than its surface and in parallel thereto: 
movable electrode means disposed opposite to the 
fixed electrode means in spaced relation thereto 
and held above the surface of the corxiuctive sub- 
strate means: 

elastic support means for coupling tiie movable 
electrode means and the conductive substrate 
measis and for elasticalty supporting the movable 
electrode means so that the movable electrode 
means can be displaced vertically to tine surface of 
the fixed electrode means; and 
optical fiath switching means provided on the sur- 
face of the movatMe electrode means opposite the 
fixed electrode means and having a light receiving 
surface vertical to the surface of the movable elec- 
trode means; 

wherein, by ON-OFF control of voltage application 
across the nxjvable electo'ode means and the fixed 
electrode means, the movat>!e electrode means is 
displaced toward the fixed electrode means arxJ 
returned to its normal position to selectively switch 
tile optical path of an incident ligftt beam by the 
optical path switching means. 

[0008] The method of tfie present invention for mak- 
ing an optical switch in which an optical path switching 
element mounted on a movable electrode is displaced 
to switch the optical path of an incident light beam, the 
method comprising the steps of: 

(a) forming a first potysilicon film of either one of P 
and N conductivity types all over a conductive sili- 
con substrate: 

(b) forming all over the first potysilicon a pattern 
containing a movable electrode portion arxi elastic 
support portions coupled thereto in space and par- 
allel relation by a second poiysilicon film of the 
same conductivity type as that of the first potysilicon 
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lilm; 

(c) etching away that surface region of the conduc- 
tive silicon substrate facing the nxsvat^le electrode 
and the elastic support portions to form a low*f loor 
portion as a fixed electrode: and 

(d) forming the optical path switching element on 
the movable electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

Rg. 1 is a plan view depicting an example of a con- 
ventional op tical switch; ^^^^ 
Rg. 2A is a plan view illustrating an improvement of 
the prior art example; 

Rg. 2B is a sectional view taken along the line 28- 
2B in Rg. 2A; 

Rgs. 3A through 31 are sectional views showing a 
sequence of steps involved in the manu^cture of 
the optical switch depicted in Rgs. 2A and 2B; 
Rg. 4A is a plan view illustrating an optical switch 
according to a first emtxxiiment of the present 
invention; 

Rg. 4B is a sectional view taken along the line 48- 
4B in Rg. 4A; 

Rgs. 5A through 51 are sectional views showing a 
sequence of steps involved in the manufacture of 
the optical switch according to the first embodi- 
ment 

Rg. 6 is a plan view of a matrix switch array using 
optical switches of Rg& 2A and 28; 
Rg. 7 is a plan view of a matrix switch array using 
optical switches according to the first embodiment; 
Rgs. 8A through 8H are sectional views deleting a 
sequence of steps involved in the manufocture of a 
modified form of the optical switch accorcfing to the 
first embodiment; 

Rg. 9A is a plan view illustrating an optical switch 
according to a second embodiment of the present 
invention; 

Rg. SB is a sectional view taken along the line SB- 
SB in Rg. 9A; 

Rg. 10 is a plan view depicting a movable elec- 
trode-elastic support pattern; 
Rg. 11 is a plan view depicting another movable 
electrode-elastic support pattern; 
Rg. 12 is a plan view depicting another movable 
electrode-elastic support pattern; 
Rg. 13 is a plan view depicting another movable 
electrode-elastic support pattern; 
Rg. 14 is a plan view depicting another nrx>vat^e 
electrode-elastic support pattern; 
Fig. 15 is a plan view depicting another movable 
eieclrode-elastic support pattern; 
Rg. 16 is a plan view depicting another movable 
electrode-elastic support pattern; 
Fig. 1 7 is a plan view depicting still another movaijie 
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electrode-elastic support pattern; 

Rg. 18 is a plan view showing an optical switch 

nxxJule using the optical switch of the present 

invention; 

5 Fig. 19 is a graph showing minimum driving volt- 
ages measured with respect to the switch size, 
using the thickness of the elastic support in the Rg. 
18 structure as a parameter; and 
Rg. 20 is a graph showing the relationship between 

ro the minimum driving voltage and power consurrp- 
lion measured for various switch sizes. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

IS 

[0010] One possible solution to the above- 
descr&>ed problems of the pnor art example is an optical 
switch structure wherein: a movable electrode is elasti- 
cally hekj in an opening of a f rame^ike substrate: a mir- 

20 nor is fixedly mounted on the nrxivabfe electrode at right 
angles to the electrode surface; a fixed electrode is 
mounted on the substrate in opposed but spaced rela- 
tion to the underside of the movable electrode; a driving 
voHage is applied across the movable and the fued 

25 electrode to attract the former toward the latter by elec- 
trostatic force; and the optical path from the rtgfit-emit- 
ttfig end of a ftr5topticalf3>er to the light-receiving end 
ofasecond optical fber is switched ON and OFF by the 
mirror mounted ontfie nKT^^e electrode. Figs, 2A and 

30 28 are plan and sectk>nal views of an optical switch 
employing such a structure. In an opening 21a of. for 
example, a rectangular-frame-shaped silicon (Si) sub- 
strate 21A. a movable electrode 24 of a rectangular 
shape in this example is placed in parallel to the sub- 

35 strate 21 A with two opposite skies of the electnade 24 
coupled to stationary portions 22a and 22b on the 
frame-shaped substrate 21 A through elastic sipports 
portions 23a and 23b. respectively Supported by the 
f lexibte elastic support portions 23a and 23b. the mova- 

40 ble electrode 24 is allowed to move vertically with 
respect to the substrate surface. On the nxivable elec- 
trode 24 there is mounted a micro mirror 25 with its 
reflecting surface hM at right angles to the movable 
electrode surface. 

45 IPOIII On the other hand, the opening 21a of the 
substrate 21 A is stopped up from the underside thereof 
with a conductive substrate 216 that is disposed as a 
fixed electrode in opposed but spaced retatk>n to the 
surface region of the substrate 21 A which contains the 

so movable electrode 24 and the support portions 23a and 
23b. 

[0012] In this embodiment the conductive substrate 
21 B is machined to conform to the opening 21a and 
bonded to the substrate 21 A from the underside thereof. 
55 The top of the conductive sut^strate 21 B fitted in the 
opening 21a, that is. the fixed electrode surface is held 
at a predetermined level tselow the urxjerside of the 
substrate 21A--this provides the maximum amount of 
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displacement for the movable electrode 24 that allows 
the miao minor 25 to move up and down to inhibit and 
permit the passage of a light beam. 

[0013] In the optical switch 20 of such a construc- 
tion the stationary portions 22a. 22b. the elastic support £ 
portions 23a, 23b and the movable electrode 24 are 
integrally formed of the same conductive matenal such 
as polysilicon. By applying a voltage across the mova- 
ble electrode 24 and the conductive substrate 21 B. the 
former is displaced toward the latter by electrostatic io 
force so that the miao minor 25 standing upright on the 
nx>vable electrode 24 moves vertically with respect to 
the substrate surface to thereby switch the optical path 
of a light beam inc oming from the direction parallel to 
the substrate surface. is 
[001 4] In Ftg. 2A. reference numerals 1 5A. 1 5B and 
1 5C denote optical fibers disposed, for instance, around 
the optical switch 20. La light incident on the optical 
switch 20. and Lb arxj Lc light emitted or emerged from 
the optical switch 20. When inserted in the optical path, 2o 
the nnicro mirror 25 reflects the incident light La arKi 
launches the reflected light tx into the optical f ber 1 SC. 
When the micro mirror 25 is displaced tcsward the f ixed 
electrode side stays out of the optical path, the incoming 
light La is launched intact as the outgoing light Lc into 25 
the optical f ber 15b. 

[0015] Rg. 3 Illustrates, in section, a sequence of 
steps involved in the manufacture of the optical switch 
20 depicted in Rgs. 2A and 28. A desaiption will be 
given below of each step of fabrication. 30 

Step S1 (Rg. 3A): A silicon substrate of a square 
configuration, in this example, is prepared as the 
substrate 21 A, which is then coated all over its sur- 
face with an SlOz protective film 2a about 1 ^m 35 
thick. 

Step S2 (Rg. 3B): The protective film 2a is selec- 
tively etched away to make holes 2ah measuring, 
for example, approximately 100 by 100 ^m. where 
the stationary portions 22a and 22b will ultimately 4o 
be formed. 

Step S3 (Rg. 3C): A conductive polysilicon film 2b 
is formed to a thickness of about 3 (im over the 
entire suilace area of the Si02 film 2a including the 
holes 2ah for the purpose of forming the stationary 45 
portions 22a. 22b. the elastic support portions 
223a, 23b and the movable electrode 24 as a uni- 
tary structure with one another. The conductive 
polysilicon fHm 2b is a P-type one with boron (6) 
thermally diffused thereinto. so 
Step S4 (Rg. 3D): The polysiiicon fflm 2b is selec- 
tively etched away to form the movatjie electrode 
24, the elastic support portions 23a. 23b and the 
stationary portions 22a. 22b. 

Step S5 (Rg. 3E): An SiOa protective film 2c is ss 
formed all over the top and underside of the sub- 
strate assembly. 

Step 86 (Rg. 3F): The protective film 2c is selec- 



tively etched away that region of the underside of 
the substrate 21 A (a broken-line area 21b in Rg. 
2A) which corresponds to the movable electrode 24 
and the elastic support portions 23a and 23b. 
Step S7 (Rg. 3G): The sut>strate 21 A is subjected 
to anisotropic etching using a KOH solution to form 
the opening 21a. 

Step S8 (Rg. 3H): The remaining protective films 
2a and 2c are removed. 

Step S9 (Rg. 31): The conductive substrate 218 
machined as required to form the fixed electrode is 
fitted into the opening 21a and bonded to the sub- 
strate 21 A from the underside thereof. The conduc- 
tive sii>strate 216 in this example is an N-type 
conductive silicon sibstrate. 

[0016], Rnally, though not shown, the miao mirror 
25 is placed on the movable electrode 24. 
[0017] As descrtt>ed atx}ve. the optical switch 
depicted in Rgs. 2A and 28 utilizes electrostatic drive in 
place of electromagnetic one, arid hence it need not be 
provided with the magnetic yokes 19a. ^9b, the coils 
17a, 17b and the permanent magnets 18a. 18b shown 
in Ftg. 1: therefore, the optical switch of the present 
invention can be made smaller accordingly. 
[0018] With the structure in which the opening 21a 
is formed by selectively etching away the substrate 21 A 
from the underside thereof arx:! the conductive substrate 
is bonded to the opening 21a from the underside of the 
substrate 21 A as described above, the substrate 21 A 
has a frame-tike configuration and hence needs to have 
a frame width large enough to provide sufficient 
mechanical strength of the substrate itself and sufficient 
area for bonding thereto the substrate 21 B. To meet the 
requirements, it is necessary that outer dimensions of 
the optical switch 20 be designed a little large relative to 
the device area surrounded by the broken line 21b in 
Rg. 2A In the case of using a silicon (Si) substrate as 
the substrate 21A and forming therein the opening 21a 
by anisotropic etching, the area of the opening 21a in 
the underside of the substrate 21 A needs to be made 
particularly large since the inner face of the opening 21 a 
is tapered as depicted in Rg. 2B. This makes the sub- 
strate 21 A larger and constitutes an obstacle to the 
downsizing of the optical switch. 
[0019] Moreover, the tending of the conductive 
sut^strate 21 B inevitably deaeases the accuracy of fab- 
rication, and it cannot be said that positioning accuracy 
of the top of the conductive substrate 21 B, that is, posi- 
tioning accuracy of the fixed electrode surface is high. 
[0020] Besides, the fabrication of the atxsve optical 
switch involves the borxiing step in addition to the series 
of film forming and etching steps, and hence it is com- 
plex in process and time- and labor-consuming. A 
description will be given below of embodiments of the 
optical switch of the present invention intended to over- 
come such disadvantages. 
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FIRST EMBODIMENT 

[0021 1 in this embodiment of the invention, a mova- 
ble electrode is mounted on a conductive substrate in 
parattei to the substrate surface and is made displacea- s 
ble at right angles to the substrate surface, and a micro 
mirror is mounted on the movable etectroda A low-floor 
portion is formed in the substrate surface by etching, 
and the bottom of the low-floor area is used as the fixed 
electrode surface that is opposite and parallel to the io 
movable electrode. 

[0022] Figs. 4A and 4B depict the optical switch 
according to the second embodiment, wherein the parts 
con eijpondin g to those in Rgs. 2A and 28 are identified - 
by the same reference numerals. In this entediment is 
the substrate 21 is formed of a conductive material and 
has a lovh^^floor portion 21 L formed in its surface by etch- 
ing, and the floor surface of the low-floor portion 21 L 
constitutes the fixed electrode surface adjacent but par- 
allel to the movable electrode 24; namely, the substrate so 
21 serves a fixed electrode The movable electrode 24 
is supported on the substrate 21 by the elastic support 
portions 23a and 23b formed integrally with the elec- 
trode 24 as in the first embodiment shown in Figs. 2A 
and 28. Mounted on the movable electrode 24 ts the zs 
micro mirror 25. 

[0023] Refem'ng next to Rgs. 5A through 51 a 
desaiption win be given of a method for making the opti- 
cal switch depicted in Figs. 4A and 48. 

30 

Step SI (Fig. SA): For example, an N-type conduc- 
. five silicon substrate 21 of a square configuration is 
coated all over its top sur^ce with a P-type conduc- 
tive polysilicon film 2d with boron (8) thermally dif- 
fused thereinto. 35 
step S2 (Rg. 58): An SlOz protective film 2a is 
formed all over the surface of the polysilicon f Om 2d. 
Ste S3 (Rg. 5C); The protective film 2a is selec- 
tively removed to make therein holes 2ah at those 
positions where to form the stationary portions 22a 4o 
and 22b. 

Step S4 (Rg. 5D): A P-type conductive polysilicon 
film 2b is formed all over the surface of tiie protec- 
tive film 2a including the exposed areas 2ah. 
Step S5 (Rg. 5E): The P-type conductive polysili- 45 
con film 2b is selectively etdhed away to form the 
movable electrode 24, the elastic support portions 
23a, 23b and the stationary portions 22a, 22b. At 
this time, a plurality of through holes 24h are bored 
in matrix form through the movable electi"Ode 24 as so 
depicted in Rg. 4A. 

Step S6 (Rg. 5F): An Si02 protective film 2c is 
• formed over the entire areas of the top and under- 
side of the substrate assembly. 
Step S7 (Rg. 5G): The SiOg films 2a and 2c on the ss 
upper side (on the side near the movable electrode 
24) of the substrate assembly are patterned to form 
through holes 24t which extend down to the polysil- 



icon film 2d in alignment with the through holes 24h 
of the movable electrode 24. At the same time, the 
Si02 tarns 2a and 2c are patterned so that tiielr out- 
side shape becomes slightiy larger than the outside 
shape of the nx>vable electrode 24 and the elastic 
support portions 23a. 23b but larger than the out- 
side shape of the stationary portions 22a and 22b 
as required. 

Step S8 (Rg. 5H): The substrate 21 is etched using 
a KOH solution. The KOH solution flows to tiie poly- 
silicon fim 2d through the through holes 24t. by 
which the potysilicon film 2d of an isotropic etching 
property is etched away to expose the sifjcon sub- 
strate 21 , which also und^o anisotropic etching fo 
form tiie low-floor portion 21 L Incidentally, the poly- 
silicon film 2d underlying he stationary portions 22a 
and 22b is covered with ttie protective films 2a and 

2c which are sufficientty thicker than tiie film 2d as 
referred to above, and hence the polysilicon film 2d 
remains unetched (that is. the thickness of the poly- 
silicon film 2d and the mask [Mern diameters of 
tiie protective films 2a and 2c overlying the station- 
ary portions 22a arxi 22b are determined accord- 
ingly). 

Step S9 (Rg. 50: The protective filire 2a and 2c are 
removed. 

[0024] This is followed, ttXHjgh not shown. t>y plac- 
ing tiie micro mirror 25 on the movable electrode 24 to 
complete tiie optical switch 20. The micro mirror 25 is 
formed by: depositing a metal land as a plating seed at 
tiie position where to form tfte micro mirror 25 on the 
movable electrode 24. for example, in Rg. 31; coating a 
resist film all over the substrate surface to a thickness a 
little higher than tiie heigfrt of the micro mirror 25 to be 
formed; selectively etching away the resist film to make 
a hole that has a shape corresponding to the micro mir- 
ror 25 to be formed and extends down to ttie metal land; 
f Oling the hole witti gold (Au). nicM (Ni). or similar metal 
by plating; and removing the resist film to form the micro 
minor 25 on tiie movable electrode 24. For example, in 
the optical witch module descrfoed later on. a gold block 
of a size measuring 45 by 200 by 40 ^m is formed as the 
micro mirror. Alternatively, the micro mirror may be 
obtained by forming a minxx support panel of a resist on 
ttie rTx>vable electrode 24 at the position where to form 
the micro miaor and then vapor evaporating gold, 
nickel, or like metal onto the support panel. 
[0025] In step SI described above, tiie boron (B) 
ttiermally diffused into the polysilicon fflm 2d diffuses 
down io tiie surface region of the N-type silicon sub- 
strate 21 to form a PN junction. Accordingly, when a DC 
driving voltage is applied across the movable electrode 
24 and the silicon substrate 21 with ttie former negative 
with respect to the latter, the PN junction becomes 
reverse-biased, inhibiting the passage of DC cunent 
through the stationary part 22 and tiie polysilicon film 
2d. 
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[0026] With the manufacturing methcxl described 
above, after the formation of the movatMe electrode 24, 
the elastic support portions 23a. 23b and so forth, the 
low-floor portion 21 L deep enough to allow displace- 
ment of th movable electrode 24 can be formed in the 
substrate 21 by selectively etching it away from the side 
where the above-mentioned elements have been pro- 
vided. And the bottom of the low-floor area 21 L serves 
as the fixed electrode surface opposite to the movable 
electrode 24. 

[0027] Thus, this embodiment dispenses with the 
bonding step needed in the manufacture of the optical 
switch 20 of the Fig. 2 embodiment and hence it per- 
mits accurate arxi easy fabrication of the optical switch 
accordingly 

[0028] Besides, since there is no need of forming 
the opening 21a in the substrate 21 A as shown in Rgs. 
2A and 26. that is, since the substrate 21 is not frame- 
shaped, the region needed for providing the required 
frame width becomes unnecessary, making the optical 
swrtch 20 smaller accordingly. 
[0029] Rgs. 6 and 7 conceptually show the differ- 
ence in size between two-by-two arrays of optical 
switches of the Fig. 2 and the Rg. 4 structure, respec- 
tively. 

[0030] In the case of Rg. 6, when the opening 21a 
is formed by anisotropic etching in the sut^strate 21 A of. 
for example, 400 ^m thick, the formation of the opening 
21a measuring 1 by 1 mm in the sut>strate surface 
requires the formation of an approximately 1.6 by 1.6 
mm etching window 21 w in the underside of the sut>- 
strate. In view of the mecfianical strength and the bond- 
ing area for the substrate 21 B. it is necessary that 
v\ndths Wi and W2 be at least 1 nun or sa As will be 
seen from Rg. 6. these frame portions cause a signifi- 
cant loss of the effective area of the optical switch array. 
[0031] In contrast to the above, the optical switch 
array of Rg. 7 does not require the above-fnentioned 
frame portions, and permits a substantial reduction in 
the spacing between adjacent switching elements (for 
example, 10 tun or less). Accordingly, the optical switch 
structure of the Rg. 4 emtxxjiment is extremely suitable 
for miniaturization of the switch anay. 
[0032] As described above, the optical switch of the 
first ennbodiment does not require the formation of the 
frame-like region of the substrate 21 A around each 
switching element as in the case of the optical switch 20 
depicted in Rgs. 2A and 2B. Hence, the mati^ix-type 
optical switch array can be made particularly small. 
Besides, the miniaturization of the device structure fur- 
ther reduces the optical patii. providing increased opti- 
cal performance. 

[0033] Moreover, this embodiment does not utilize 
such a sut>stiBte-tX)nded structure as in the optical 
switch of Rg. 2, and hence it solves a probt m such as 
a decrease in the positioning accuracy of the fixed elec- 
trode surface by twnding or the influence of stress dur- 
ing bonding. Additionally, since no bonding step is 



involved, the manufacturing process can be simplified 
accordingly 

[0034] In the manufacturing process of the optical 
switch of this embodiment desaibed above in respect cf 

5 Rgs. 5A to 51. the polysilicon film 2d and the silicon sub- 
strate 21 are made reverse in conductivity type, a PN 
junction is formed in the substrate under its surface, and 
tiie polysilicon film 2b forming the movable electrode 24 
and the elastic support portion 23 is connected to the 

w polysilicon fflm 2d through the holes 2ah made in the 
SiOg protective film 2a as shown in Rg. 5C. As depicted 
in Rgs. 8A through 8H. however, the Si02 protective fflm 
2a may also be left as an insulating layer virithout making 
the holes 2ah in the step of Rg. 5C. That is. tfie poiysil- 

is icon film 2b is formed all over the Si02 protective film 2a 
coated in ttie step of Rg. 8B and tiien exactiy the same 
manufacturing steps of Rgs. 80 to 8H as in Rgs. 5E to 
51 are carried out, by which the polysilicon film 2d and 
the Si02 film as the insulating layer 2a are left unre- 

20 moved between the silicon sut)strate 21 and tfie station- 
ary portions 22. 

SECOND EMBODIMENT 

25 [0035] As described previously, the present inven- 
tion utilizes electrostatic drive for moving up arxl down 
by ON-OFF control of tiie voltage ttiat is applied across 
the movable electrode and the fixed electi^ode. but the 
Rg. 2 embodiment requires a relatively large driving 

30 voltage. To reduce the driving voltage, it is necessary to 
make the elastic support portions 22asind22h flexible 
by inaeasing their lenglhs and/or to increase ttie area 
of the movable electrode 24. To lengttien the elastic 
support portions 22 and to increase the area of the 

35 nuvable electrode 24 v^ll inevitatjly make the optical 
switch large. This will surely incur undesirat)le marked 
upsizing of a large-scale multi-input-multi-output optical 
switch array (a matrix optical switch) of optical switches 
arranged in an N-by-M matrix form. A description will be 

40 given of an optical switch improved to lower the driving 
voltage without making tiie switch large. 
[0036] In this embodiment, a switch region 40 is 
chosen to be square which is defined by tiie envelope of 
the outer periphery of the region occupied by a movable 

45 electrode panel and elastic support portions. A movable 
electrode in the switch region 40. a mirror standing 
upright on the movatjle electrode, and the elastic sup- 
port portions also in the switch region 40 are disposed 
above a substrate that forms a fixed electi-ode opposite 

50 the movable electrode panel. The elastic support por- 
tions are coupled at one end to marginal edges of tiie 
movable electrode and at the other end to ttie substrate 
at marginal edges of the switch region 40. The elastic 
support portions are extended in zigzag between ttie 

55 opposite ends so that they occupy substantially the 
entire switch region except those occupied by the mov- 
able electrode. With such a struaure. it is possible to 
maximize the utilization of the electrode area in the 
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switch region, decreasing the driving voftage accord- 
ingly. 

[0037] Rgs. 9A and 9B illustrate the optical switch 
according to the secorxJ emtxxiiment of the present 
invention. A movable electrode panel 24 is cfisposed 
above a square substrate 21A in parallel ^erewm and 
supported thereto by elastic support portions 23a to 
23d. With a view to increasing its length, each of the 
support portions 23a to 23d is provided in the form of a 
zigzag beam in substantially the same plane as that of 
the movable electrode panel 24. The regions 31a to 31d 
occupied by the support portions 23a to 23d and the 
region by the movable electrode panel 24 (241 to 245) 
.constitute a sw itch region sub starrtfeUly . square incite 



entirety in this example, that is. a square switch region 
(which will hereinafter be refen^ed to also as a switch 
envelope) 40 whose one side is denoted by U. 
[0038] In this embodiment the square movable 
electrode panel 24 has rectangular cut-out openings 
32a to 32d in the central portions of rts four sides and 
the elastic support portions 23a to 23d are disposed in 
the cut-out openings 32a to 32d. The elastic support 
portions 23a to 23d have their outer ends connected to 
stationary portions 22a to 22d standing on tfie substrate 
21 A at midiDotnts of the respective sides of the movable 
electrode panel 24 and have their inner ends connected 
to the nxTvable electrode panel 24 at wid-points of the 
inner ends of tfie cut-out openings 32a to 32d. The elas- 
tic support portions 23a to 23d are extended in zigzag 
form between their inner and outer ends across the 
ntire regions of the cut-^ut openings 23a to 23d. 
respectively. 

[0039] That is. tiie elastic support portions 23a to 
23d are connected at their inner end to the mid-points of 
the respective sides of the central square portion 245 of 
the movable electrode panel 24. extended outwardly in 
zigzag and connected to the stationary portions 22a to 
22d. respectively. The peripheral square portions 241. 
242 and 243 of the movable electrode panel 24 overlap 
four corners of the central square portion 245 alter- 
nately witii the elastic support portions 23a to 23d. The 
width L2 of the zigzag elastic stpport portion 23 is cho- 
sen to be a littie smaller than the width W1 of the cut-out 
opening 32. 

[0040] The elastic support portions 23a to 23d are 
connected to the upper ends of the stationary portions 
22a to 22d on tine substrate 21 A. by which tiie movable 
electrode panel 24 is supported at a distance Dl from 
the substrate 21 A. Because of their zigzag beam-like 
structure, the support portions 23a to 23d are elastic, 
and consequentiy, the movable electrode panel 24 can 
be displaced vertically to the substrate 21A. The sub- 
strate 21 A. the nrK>vat>le electrode panel 24. the support 
portions 23a to 23d and the stationary portions 22a to 
22d can be formed as a one-piece structure. 
[0041 ] The optical switch structure of this embodi- 
ment is common to the structur of the Rg. 2 embodi- 
ment except in the patterns of the movable electrode 



panel 24 and the elastic support portions 23a to 23d. 
Accord ngly. the optical switch of this emtxxliment can 
stmilarfy be manufactured using, for example, tiie same 
manufacturing steps as those depicted in Figs. 3A to 31. 
5 That is. ttie Si02 protective f Om 2a is formed ail over the 
silicon substrate 21 A as depicted in Fig. 3A (Step SI), 
and the protective film 2a is selectively renrK)ved by pho- 
tolitfiography to form tfierein the holes 2ah at those 
positions where to provide the stationary portions 22a to 
70 22d as depicted in Rg. 38 (step S2). Then, the polysifi- 
con layer 2c for forming the movable electrode panel 24 
is deposited over the entire surface area of the sub- 
strate assembly as depicted in Rg. 3C (step S3), and 
. . tiie pqlysilicon layer %|s patterned by pbotolithography.. 
IS to fomi the movable electrode panel 24. the support 
portions 23a to 23d and the stationary portions 22a to 
22d as depicted in Rg. 3D (step 84). 

[0042] Next the SiO^ protective film 2c is formed 
over the entire surfiace area of ttie substrate assembly 

20 and all over the underside of the substrate 21A as 
depicted in Rg. 3E (step S5). ttien tiie protective film 2c 
coated all over the underside of tiie sii^strate 21A is 
removed leaving only at its marginal portion as depicted 
in Rg. 3F, and the substrate 21 A is etched away by tiie 

2S KDH solution witti the remaining protective film 2c as a 
mask (step S6), by which the large opening 21a is 
formed in the portion of the substrate 21 A correspond- 
ing to the mavat)le electrode panel 24. leaving the sub- 
strate 21 A only at its margral portion (Step ST). After 

30 this, ttie StOa protective fOms 2a, 2b and 2c are 
removed by chemical etching to obtain a structure ttiat 
supports the nrKTvable electrode panel 24 above ttie 
frame-shaped sut)strate 21 A as depicted in Rg. 3H 
(step S8). Next, as shown in Rg. 31, the conductive sili- 

3S con substrate 21B is fitted into the opening 21B of tiie 
substrate 21A from the side opposite to the nxvable 
electrode panel 24 and bonded to ttie substrate 21 A. 
[0O43] The minor 25 is placed on the movable elec- 
trode panel 24 as shown in Rgs. 9A and 98 by the same 

40 mettiod as descrbed previously in respect of the first 
embocf ment The minnor 25 is disposed, for instance, at 
45 degrees to the direction of a line joining the resilient 
support portions 23a and 23bi The mirror 25 may be 
formed integrally wHh ttie movable electrode panel 24, 

45 or separately formed and fixedly secured to the movable 
electrode panel 24. The movable electrode panel 24 
and the elastic support portions 23a to 23d are formed, 
for example. 2 to 5 )im thick. 
[0O44] While this embodiment has been described 

so to bond ttie conductive substrate 21 B to tiie frame- 
shaped sutistrate 21 A as is the case with the optical 
switch of Rg. 2. it is also possible to form, as the fixed 
electrode, the low-floor portion 21 L in the conductive 
substrate 21 as in the first embodiment depicted in Rgs. 

55 4A and 48. 

[0045] With th optical switch of this embodiment, 
too. th light beam fr m the incoming-side optical 
fiber 1 5 A disposed at the left-hand side in Rg . 9A is inci- 
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dent on and reflected by the mnoc 25 and then 
launched into the outgoing-side optical fiber 15C. When 
a voltage is applied across the movable electrode panel 
24 and the substrate 21 B to generate therebetween 
electrostatic force, the nfv}vat>le electrode panel 24 is s 
displaced toward the substrate 2 IB. allowing the fight 
beam La from the optical fiber ISA to pass over the 
minor 25 for incidence on the other outgoing-side opti* 
cal fiber 156 disposed at the right<hand side in Rg. 9A. 
Thus, the light beam La from the optical fher ISA can w 
selectively be switched between the optical fbers 158 
and 1SC by selective voltage application across the 
movable electrode panel 24 and the substrate 218. 

[0046] The optica l switch of this embodiment has 
such dimensions as fbilows: 1000 \tm for the length L4 is 
of one side of the movable panel 24; 300 ^m for the 
length LI of each of the elastic support portions 23a to 
23d; 200 fim for the width L2 of each zigzag support 
portion; 10 ^ for the width W2 of the zigzag beam; 50 
by 50 ^m for a square aoss-section of each of the sta- 20 
tionary portions 22a to 22d; and 30 (im for the length L3 
of each portion common to the central square portion 
32a and each of the peripheral square portions 241 to 
244. 

[0047] Since the square movable electrode panel 2s 
24 is partly cut out to form therein openings arxj the 
elastic support portions 23a to 23d are disposed in the 
cut-out openings 32a to 32d. the area of the square 
movable electrode panel 24 can be made large. Arxi . 
since the elastic stpport portions 23a to 23d are each 30 
provided in the form of a zigzag beam, the beam is long 
relative to the length LI of the support potion 23« mak- 
ing it possible to obtain a required amount of displace- 
ment with a small amount of electrostatic fbrca In the 
first embodiment shown in Rgs. 2A and 2B. the movabi e ss 
electrode panel 24 is limited only to the central square 
portion 245, but in this embodiment the elastic support 
portions 23a to 23d and the peripheral square portions 
241 5o 244 are altemately disposed about the central 
square portion 245 and connected thereto-tiiis pro- 40 
v'tdes a markedly inaeased area for the movable elec- 
trode panel 24. In the above examples of various 
numerical values, the area of the central square portion 
245 is 300 by 300 fun^, and hence it can be said that the 
area of the movable electrode panel 24 is larger than in 4s 
the Rg. 2 embodiment by tiie sum of the areas of the 
four peripheral square portions 241 to 244. tfiat is, by 4 
X 380 X 380 \im. Conversely, the cut-out openings are 
provided in the movable electrode panel 24 and the 
elastic support portions 23a to 23d are disposed in the so 
cut-out openings, by which the entire structure is signif- 
icantly reduced in size. A description will be given below 
of some examples of configurations of the movable 
electrode, each elastic support portion and each sta- 
tionary portion, ss 
[0048] Whil inth Rg. 9 embodiment the movable 
electrode panel 24 is supported at four points by the 
elastic support portions 23a to 23d at 45-deQree inter- 
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vais around the center of the panel 24. it may also be 
supported at two points by two elastic support portions 
23a and 23b at 180-degree intervals ar depicted in Rg. 
10. In this case, the optical switch has such dimensions 
as listed below. The movable electrode pane 24 is a 
square panel (which have two rectangular cut-out open- 
ings 32a and 32b) measuring 1000 by 1000 fim; the 
length Li of each of tfie elastic support portions 23a 
and 23b is 300 \im\ the width L2 of each zigzag support 
portion is 200 fmi; the beam widtii W2 is 1 0 ^m; the sta- 
tionary portions 22a and 22b each have a cross-section 
measuring 5 by 50 fim; the distance L3 between tiie 
inner ends of tiie cut-out openings 32a and 32b is 300 
|im; and the width Wl^.of each of the cut-out openings 
32a arvr32b is 240 ]im. tnddentalty. in the Rg. 10 
embodiment the substrate 21 has about the same con- 
figuration as ttie square configuration of the movable 
electrode panel 24. That is. the size of this optical switch 
in the horizontal plane is the same as tiie size of the 
movable elecuode panel 24, and ihe outside shape of 
the optical switch is 100 by 100 fim in the afore-men- 
tioned examples of various numerical values. 

[0049] The movable electrode panel 24 may also be 
supported at one point as depicted in Fig. 11. That is, 
two elastic suppat portions 23a and 23b are disposed 
along one side of the movable electi'ode panel 24. and 
the elastic support portions 23a and 23b have their far 
ends connected to the substrate 21 tiirough the station- 
ary portions 22a and 22b, respectively, and have their 
near ends interconnected, the interconnecting point 
being connected to the midiX)int of the adjoining side of 
the movable electrode panel 24 through a coupling por- 
tion 33. In other words, ttie movat>le electrode panel 24 
is supported at one side by the elastic support portions 
23a and 23b through tine coupling portion 33. it can be 
said that the elastic support portions 23a and 23b are 
provided in the cut-out openings 32a and 32b formed by 
cutting out part of the square movable electi'ode panel 
24 atong one side thereof. 

[0050] An example of numerical values in this case 
is as follows: 1 000 jiim for the longer side L4 of the mov- 
able electrode panel 24; 780 ^m for its shorter side L5; 
450 fim for the length LI of each of the elastic support 
portions 23a and 23b; 200 fxm for the widtii 12 of each 
zigzag support portion: 10 ^m for the beam width W1; 
1 15 \im for tfie length L3 of the coupling portion 33; 10 
(im for its width W2; and 50 by 50 [xm for the cross-sec- 
tion of each of the stationary portions 22a and 22b. The 
outer dimension of the optical switch is 1000 by 1000 

[0051] The nx>vable elecfrode panel 24, though 
supported at one point, may also be formed as shown in 
Rg. 12. That is, the elastic support portions 23a and 
23b are disposed along two longer sides of a rectangu- 
lar movable electrode panel 24. respectively; tiie elastic 
support portions 23a and 23b are connected at one end 
of the same side to the substrate 21 through the station- 
ary portions 22a and 22b. respectively, and connected 
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at the other end to opposite ends of a c upling beam 34. 
which is connected at its mid-point to that of one shorter 
side of the movat3le electrode panel 24. Thus, the mov- 
at^e electrode panel 24 is sunounded, except one 
shorter side, by the elastic support portions 23a and 
23b and the coupling beam 34. It can be said that after 
two opposed marginal portions of a square movable 
electrode panel 24 are cut off. the support portions 23a 
and 23b are disposed there instead. Wrth this structure, 
the lengttis of the elastic support portions 23a and 23b 
can be increased. 

[0052] VSarious dimensions in this instance are 
such, for example, as follows: 940 )im for the length LI 
, of each of the elastic SMpport portions 23a and 23U 200 
(im for the length L2 of each zigzag support portion, 10 
|im for the beam width. 810 |tm for the length L3 of the 
coupling beam 34, 10 |un for its width W2. 50 by 50 ^m 
for the cross-section of each of the stationary portions 
22a and 22b; 970 }un for the longer side L4 of the mov- 
able electrode panel 24. and 560 |im for its shorter side 
L5. The outer dimension of the cpticai switch is 1000 by 
1000 ^m. 

[0053] As depicted in Fig. 13. the coupling beam 34 
may be omitted, in which case the elastic support por- 
tions 23a and 23b are coupled to both ends of the 
shorter side of the movable electrode panel 24 through 
coupling portions 33a and 33b. respectiveiy. Various 
dimensions in this case are such, for example, as fol- 
lows: 940 |im for the length LI of each of the resilient 
support portions 23a and 23b; 200 |im for the width L2 
of each zigzag support portion; 10 ^m for the beam 
width: 125 )un for the length L3 of each of the coupling 
portions 33a and 33b: 10 )un for their widths W2; 50 by 
50 ^ for the CTOss-section of each of the stationary 
portions 22a and 22b: 1000 ^m for the longer length L4 
of the movable electrode panel 24; and 560 ^m for its 
shorter side L5. The outer dimension of the optical 
switch is 1000 by 1000 )ut\, 

[0054] Frg. 14 illustrates another modified form of 
the Fig. 11. in which the elastic support portions 23c, 
23d are provided in the movable electrode panel 24 on 
the side away from the resilient support portions 23a, 
23b are coupled to each other and the coupling portion 
is connected to the movable electrode panel 24. Thus, 
the movat)le electrode panel 24 is supported at two 
poims. 

[0055] Rg. 1 5 illustrates another embodiment of the 
present invention, in which a square mGvat)le electrode 
panel 24 is disposed at an angle of 45 degrees to a 
square optical-switch outside shape or envelope 40 with 
its vertexes at the mid-points of respective sides of the 
envelope 40 and the support portions 23a to 23d are 
connected at one end to the mid-points of respective 
sides of the movable electrode panel 24 and at the other 
end to the stationary portions 22a to 22d formed upright 
on th substrate 21 at four corners of the optical switch 
envelope 40. The width of zigzag configuration of each 
of the support portions 23a to 23d increases toward the 



movable electrode panel 24 but deaeases toward the 
staticnary portioa thus maWng effective use of empty 
space between the mova^e electrode panel 24 and the 
optical switch envelope 40. In this instance, loa if can 

5 be said that four corner portions of an electrode of the 
same size as the optical switch envelope 40 are cut 
away to tonn the movable electrode panel 24 centrally 
thereof and the support portions 23a to 23d are pro- 
vided in the cut-aA operongs. 

70 [0056] It is also possible to employ such a structure 
as depicted in Ftg. 16 in wtvch the movable electrode 
panel 24 has atxxjt the same outside shape as that of 
the optical switch envelope 40 and has rectangular cut- 
_put openinfl^52a.t25?^J gx^^ 

15 of the electrode panel 24 towoid the center thereof, and 
the support portions 23a and 23d are disposed in the 
cut-out openings 32a to 32d. respectively, and have 
their inner ends connected to the movable electrode 
panel 24 and have their outer ends connected to the 

20 substrate 21 throu^ the stationary portions 22a to 22d. 
[0057] In an embodiment depicted in Fig. 17. a 
square movable electrode panel 24 is disposed in a 
square switch region centrally thereof and the elastic 
electrode panel 24 are extended in parallel to its sides in 

25 the same direction of rotation and turned or t>ent 90 
degrees in the same direction at the next corners and 
then each extended outside the inner support portion 
parallel to the adjoining side and projected out of the 
switch region 40. the projected ends bdng fixed to the 

30 stationary portions 22a through 22d. With this structure, 
the elastic support portions 23a to 23d each have only 
one bend and form a long support portion. In the case 
of the same length, the elastic constant inaeases with 
an inaease in the number of bends. Accordingly, the 

35 Structure of this embocfiment provides support portions 

of low elastic constant and hence permits driving the 
optical switch at low voltage. 
[0058] While the embodiments described above 
have been descrbed to use the conductive polysificon 

40 film to form the movable electrode and elastic support 
portions in one piece, ottier conductive films as of metal 
may also be used. Furthermore, the above embodiment 
have been descrft>ed to use the micro nvrror 25 for 
switching the optical path of the incoming light beam, a 

45 mtao prism may also be used as such an optical path 
switching element in place of the mao mirror. 
[0059] Rg. 18 schematically illustrates an example 
of an optical switch module actually formed using the 
optical witch according to the present invention. The 

50 optical switch 20 employs, in the Rg. 4 embodiment, the 
structures of the movable conductive panel 24 (241 to 
245). the elastic st^iport portions 23a to 23d and the 
stationary portions 22a and 22d depicted in Rg. 9 (none 
of these reference numerals being shown for simplicity 

55 sake). The optical switch 20 is rrwunted on a rectangu- 
lar glass sutjstrate 10. Attached to thre sides of the 
glass substrate 10 ar V-groov blocks 11 A, 11B and 
11C. and ttie incoming-side optical fiber ISA and tvw) 
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outgoing-side optical fbers 15B and 15C are received in 
the V-grooves with their optical axes kept tn alignment 
with the micro mirror 25 of the optica) switch 20. The 
movable electrode pane) 24 and the fixed electrode are 
connected by wjre bonding to ternninal electrodes 42a 
and 42b on the glass sii>strate 10. and a driving voltage 
is applied aaoss the terminal electrodes 42a and 42b 
from a driving voltage source 4^ 
[0060] On the optical switch 20 there are placed 
plane micro lenses (PMLs) 41 A. 41 B and 41C along its 
three marginal edges. These PMLs 41 A, 418 and 41C 
are high enough to stay in the optical path even when 
the movable electrode panel 24 is displaced to a maxi- 
mum. The incident light from the optical fiber 15A is 
-reduced in diameter by the PML 41 A dowirla a mini- 
mum at the position of the mirror 25 and then spreads 
again. When the mirror 25 is displaced by the applica- 
tion of the driving voltage, the light beam from the opti- 
cal fiber 15A passes through the PML 41A and is 
reduced again in diameter by the PML 41 B. thereafter 
being launched into the optical ftoer 158. With no driv- 
ing voltage applied, the light beam reflected by the mir- 
ror 25 is reduced again in diameter by tiie PML 41 C and 
then launched into the optical fiber 15C. In our experi- 
ments, the light beam eontted from the optical fiber 1 5A 
spread thick about 140 ^m in diameter until it impinged 
on the PML 41A but reduced down to 33 ^m until rt 
reached the minor 25 from the PML 41 A. The mirror 25 
was 45 \Lm in height. 

[0061 ] Rg. 19 (S a graph showing measured values 
of the minimum driving voltage in the optical switch 
module of Rg. 1 8 with respect to variations in the size of 
the oKSvable electrode (the length of its one side) using 
the thickness of the elastic support portion 23 as a 
parameter. The wavelength of light used is 1.55 
The solid lines indicate calculated values by simulation. 
The minimum driving voltage decreases with a 
decrease in the thickness of the elastic support portion 
or an increase in the size of the movable electrode. The 
measured results shown in Rg. 19 suggest that an opti- 
cal switch of a driving voltage below 5V coukj be 
obtained, and indicate ttiat an ultraminiature optical 
switch with a 600- [un movatsle electrode size could be 
realized if the thickness of the elastic support portion 
would be 0.5 \wn, for instance. 
[0062] Rg. 20 is a graph showing the relationships 
between the minimum driving voltages of optical 
switches having elastic support portions of various 
thicknesses and rrmstke electrode sizes and their 
power consunptioh. As will be seen from the graph, it is 
possible to produce a power-saving optical switch 
whose driving voltage is lower than 5 V and power con- 
sumption is less than several fiW. Accordingly, the opti- 
cal switch of the present invention is suitable for use in 
optical networks. In our experiments the optical switch 
was driven by ON-OFF control of DC voltag , but elec- 
trostatic attractiv force between electrodes can simi- 
larly be obtained even with AC driving voltage. 



33 601 A1 18 
EFFECT OF THE INVENTION 

[00631 Accading to a first aspect of the present 
invention, the surface region of the conductive substrate 

5 opposite the movable electrode panel and the elastic 
support portion is etched away to form the low-floor por- 
tion that is used as the fixed electrode. This eliminates 
the necessity for making an opening in the substrate as 
in the prior art and hence permits fabrication of a matrix 

10 optical switch with no wasted space. 

[00641 According to a second aspect of the present 
invention, since the region where the movable electrode 
panel and tiie support portions is square, the optical 
switch can be miniaturized and the area of tiie movable 

' 75 electrode panel can be made large-this allows effective 
use of the area of the outside shape of the optical switch 
structure and permits low-voltage driving of the switch. 
[0065] It will be apparent that many modifications 
and variations may be effected without departing from 

20 the scope of the novel concepts of the present inven- 
tion. 

Claims 

25 1, An optical switch comprising: 

conductive substrate means; 
a low-floor portion formed, as fixed electrode 
means, in said conductive substrate means at 
30 a level lower than its surface and in parallel 

thereto; 

movable electrode means disposed opposite to 
said fixed electrode means in spaced relation 
thereto arxl held above the surface of said con- 

35 ductive substrate means; 

elastic support means for coupling said mova- 
ble electrode means and said conductive sub- 
strate means and for elasticatly supporting said 
movable electrode means so that said nxjvable 

40 electrode means can be displaced vertically to 

the surface of said fixed e<ectrode means; and 
optical path switching means provided on the 
surface of said movable electrode means 
opposite said fixed electrode means and hav- 

45 ing a light receiving surface vertical to the sur- 

face of said movable electrode means; 
wherein, by ON-OFF control of voltage applica- 
tion across said movat)!e electrode means and 
said fixed electrode means, said movable elec- 

50 trode means is displaced toward said fixed 

electrode means and returned to its normal 
position to selectively switch the optical path of 
an incident light beam by said optical path 
switching means. 

55 

2. The optical switch of claim 1 . whaein said elastic 
support means has a pturattty of elastic support 
portions for coupling a plurality of different marginal 
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portions of said movat^e electrode mearts to said 
conductive substrate means. 

2. The optical switch of daim 1, wherein said elastic 
support means has fixing means of increased thick- s 
ness coupled to said conductive substrate means, 
for supporting said elastic support mear^ and said 
movable electrode means above the surface of said 
conductive substrate means. 

10 

4. The optical switch of daim 1, 2. or 3. wherein said 
movable electrode means and said elastic support 
means are integrally formed of the same material. 

5. The optical switch of daim 4. Wherein: said conduc- is 
tive substrate means is a silicon sii>strate of erther 
one of P and N conductivity types; said movable 
electrode means and said elastic support means 
are integrally formed by a pdysiticon film of the 
other conductivity type; and a PN junction is formed so 
in said silicon substrate under the suflace thereof at 

a portion coupled to said elastic support means. 

6. The optical switch of daim 5, wherein said movable 
electrode means has a plurality of through holes. ss 

7. The optical switch of daim 1. wherein said elastic 
support means indudes an insulating layer coupled 
to said conductive substrate means, for electrically 
insulating said conductive substrate means arxf so 
said elastic support means. 

8. The optical switch of daim 1, wherein said elastic 
support means has two elastic support portions 
extending in opposite directions from two opposite ss 
sides of said movable electrode means. 

9. The optical switch of daim 8. wherein said two elas- 
tic support portions are each in the sfiape of a rec- 
tangular frame and coupled substantially at the 
centers of its two opposed sides to said movable 
electrode means and said conductive substrate 
means, respectively 

10. The optical switch of daim 1. wherein a substan- 4S 
tially rectangular switch region is defined by the 
envelope of the periphery of a region occupied by 
said movable electrode means and said elastic sup- 
port means. 

50 

11. The optical switdi of daim 10. wherein: said nnova- 
ble electrode means has a substantially rectangular 
central electrode portion disposed inside said 
switch region corx:entricaily therewith with its 
respective sides extending in parallel with those of ss 
said switch region, and four substantially rectar>gu- 

lar peripheral electrode portions each having a first 
corner portion overlapping one of tour corner por- 
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tions of said central electrode portion and a second 
corner portion diagonally opposite said first corner 
portion; and said elastic support means has four 
elastic support portions each extending in zigzag 
form across the entire area of a rectangular region 
defined between said peripheral elecbrode portions 
adjacent thereto and coupled at one end to said 
central electrode portion and at the other end to 
said condutitive substrate means at a marginal 
edge of said switch region. 

12. The optical switch of daim 10. wherein said elastic 
support means indudes two elastic support por- 
tions each extending in zigzag form across the 
entire area of one of two substantially rectangular 
regions of the same size extended toward each 
other from two opposite sides of said smtch region 
and coupled at one erxl to said nrxsvable electrode 
means and at the other end to said conductive sub- 
strate means. 

13. The optical switch of daim 12. wherein: said mova- 
ble efectroda means is a rectangle occupying one 
of two regions divided from said switch region along 
a straight tine parallel to one side thereof; said two 
rectangular regions are defined to occupy the other 
region and extend along the same side of said rec- 
tangular region; and said one end of each of said 
two elastic support portions is coif3led to said mov- 
able electrode means at the same point. 

14. The optical switch of daim 10, wherein: said mova- 
ble electrode means is a rectangle occupying a 
central one of three regions divided from said 
switch region along two straight lines parallel to one 
side tiiereof; and said elastic support means is 
extended in zigzag form across the entire area of 
said rectangular region at either side of said mova- 
ble electnode means. 

15. The optical switch of claim 14. wherein one end of 
said elastic support means is coupled to said con- 
ductive substrate means on one of shorter sides of 
said rectangular region and the other end of said 
each elastic support portion is extended from the 
other shorter side along a side at right angles to 
said one side of said switch region arxj coupled to 
said movable electrode means on its shorter side. 

16. The optical switch of claim 14. wherein said 
extended elastic support means are coupled at one 
end to said corxfuctive substrate means at one of 
shorter sides of said rectangle a/xj at the other end 
to two corner portions of said movat)le electrode 
means on the other shorter side. 

17. The optical switch of claim 14. wherein said 
extended elastic support means is coupled at botii 
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ends to said conductive substrate means on both 
shorter sides of said rectangle and coupled t said 
niovabte electrode means on the longer side of said 
rectangle substantially at the center thereof. 

: 3. The optical switch of claim 10, wherein: said switch 
region is substantially square; said movable elec- 
trode means has substantially a square form with 
its vertexes at the centers of respective sides of 
said switch region; said elastic support means is 
coupled at one end to each side of said nnovable 
electrode means, extended in zigzag form across 
the entire area of each of four triangular regions 
outside said movable eject rode means in said 
switch region and coupled to said conductive sut>- 
strate means at that one of four corner portions of 
said switch region which is opposite said each side. 

1 9. The optical switch of claim 10. wherein: said switch 
region is substantially square; said elastic support 
means is coupled to said conductive substrate 
means at each corner portion of said switch region, 
extended in zigzag form aaoss the entire area of 
substantially a rectangular support region extended 
from said each comer portion of said switch region 
toward the center thereof and coupled to said nriov- 
able electrode means on the side of said support 
region away from said each corner portioa 

20. The optical switch of daim 10, wherein: said mova- 
ble electrode means has a rectangular form having 
sides parallel to respective sides of said switch 
means; arxi said elastic support means has four 
beam-like elastic support portions coupled at one 
end to respective comer portions of said movable 
electrode means, exterxied in the same direction of 
rotation at least one of respective sides of said 
movable electrode means in parallel thereto and 
coupled at the other er>d to said conductive sub- 
strate means. 

21. An optical switch comprising: 

substrate means; 

fixed electrode means formed in said conduc- 
tive substrate means at a level lower than its 
suriace and in parallel thereto; 
movable electrode means disposed opposite to 
said fixed electrode means in spaced relation 
thereto arxl held above the surface of said sub- 
strate means; 

elastic support means for coupling said mova- 
ble electrode means and said substrate means 
and for elastically supporting said movable 
electrode means so ttiat said movable elec- 
trode means can b displaced vertically to the 
surface of said fixed electrode means; and 
optical path switching means provided on the 



surface of said movable electrode means 
opposite said fixed electrode means and hav- 
ing a light receiving surface vertical to the sur- 
face of said movable electrode means: 

5 wherein a switch region defined by the enve- 

lope of the periphery of a region occupied by 
said movable electrode means and said elastic 
support means is substantially rectangular, and 
by ON-OFF control of voltage application 

10 across said movable electrode means and said 

fixed electrode means, said movable electrode 
means is displaced toward said fixed electrode 
means and returned to its normal position to 
selectively switch the optical path of an incident 

IS ' light beam by said optical path switching 
means. 

22. The optical switch of claim 21 . wherein: said mova- 
ble electrode means has a substantially rectangular 

20 central electrode portion disposed inside said 
switch region concentrically therewith with its 
respective sides extending in parallel with those of 
said switch region, and four substantially rectangu- 
lar peripheral electrode portions each havirig a first 

25 corner portion overlapping one of four comer por- 
tions of said central electrode portion and a second 
corner portion diagonally opposite said first corner 
portion; and said elastic support means has four 
elastic support portions each extending in zigzag 

30 form across the entire area of a rectangular region 
defined between said peripheral electrode portions 
adjacent thereto and coupled at one end to said 
central electrode portion and at the other end to 
said substrate means at a marginal edge of said 

35 switch region. 

23. The optical switch of claim 21, wherein said elastic 
support means includes two elastic support por- 
tions each extending in zigzag form across the 

40 entire area of one of two substantially rectangular 
regions of the same size extended toward each 
other from two opposite sides of said switch region 
and coupled at one end to said movable electrode 
means and at the other end to said substrate 

45 means. 

24. The optical switch of claim 23, wherein: said mova- 
ble electrode means is a rectangle occupying one 
of two regions divided from said switch region along 

50 a straight line parallel to one side thereof; said two 
rectangular regions are defined to occupy the other 
region arxj extend along the same side of said rec- 
tangular region: and said one end of each of said 
two elastic support portions is coupled to said mov- 

55 able electrode means at the same point. 

25. The optical switch of claim 21 , wnerein: said mova- 
ble electrode means is a rectangle occupying a 
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centrat one of three regions divided from said 
switch region along two straight lines parallel to one 
side thereof: and said elastic support means is 
extended in zigzag form across the entire area of 
said rectangular region at either side of said mova- $ 
t>te electrode means. 

26. The optical switch of claim 25. wherein one end of 
said elastic support means is coupled to said sub- 
strate means on one of shorter sides of said rectan- to 
gutar region and the other end of said each elastic 
support portion is extended from the other shorter 
side along a side at right angles to sad one side of 
gaiH gwitr;*^ region and coupled to said movatjie 
electrode means on its shorter side. t5 

27. The optical switch of claim 25. wherein said 
extended elastic support means are coupled at one 
end to said substrate means at one of shorter sides 

of said rectangle and at the other end to two comer 20 
portions of said movat)le electrode means on the 
other shorter sida 

28. The optical switch of datm 25. wherein said 
extended elastic support means is coupled at both 25 
er)ds to said sut>strate means on tx)th shorter sides 

of said rectangle and coupled to said movable elec- 
trode means on the longer side of said rectangle 
substantially at the center thereof. 

30 

29. The optical switch of claim 21 . wherein: said switch 
region is substantially square; said movable elec* 
trode means has substarftialfy a square form with 
its vertexes at the centers of respective sides of 
said switch region: said elastic support means is 3s 
coupled at one erxj to each side of said movable 
electrode means, extended in zigzag form across 
the entire area of each of four triangular regions 
outside said movat)le electrode means in said 
switch region and coupled to said substrate means 40 
at that one of four corner portiors of said switch 
region which is opposite said each side. 

30. The optical switch of claim 21 . wherein: said switch 
region is substantially square; said elastic support 45 
means is coupled to said substrate means at each 
corner portion of said switch region, extended in 
zigzag form across the entire area of substantially a 
rectangular support . region extended from said 
each corner portion of said switch region toward the so 
center thereof and coupled to said movable elec- 
trode means on the side of said support region 
away from said each corner portion. 

31. The optical switch of claim 21, wherein: said mova- ss 
ble electrode means has a rectangular form having 
sides parallel to respective sides of said switch 
means; and said elastic support means has four 



beam-like elastic support portions coupled at one 
efKl to respective corner portions of said movatDle 
electrode means, extended in the same direction of 
rotation at least one of respective sides of said 
movatjie electrode means in parallel thereto and 
coupled at the other er)d to said substrate means. 

32. A method for making an optical switch in which an 
optical path switching element mounted on a nrava- 
b(e electrode is displaced to switch the opttcaJ path 
of an incident light beam, the method comprising 
the steps of: 

(a) forming a first polysiHcon film of either one 
of P and N conductivity types all over a conduc- 
tive silicon sut)Strate: 

(b) forming all over said first polysilicon a pat- 
tern containing a movable electrode portion 
and elastic siq^port portions coupled thereto in 
space and parallel relation by a second (x>tysji- 
icon film of the same conductivity type as that 
of said first polysilicon film; 

(c) etching away that surface region of said 
coTKfuctive silicon substrate facing said mova- 
ble electrode and said elastic support portions 
to form a tow-floor portion as a fixed electrode; 
and 

(d) forming said optical path switching element 
on said movatsle electroda 

33. The method of daim 32. wherein the conductivity 
type of said first pdysHicon film is opposite to that of 
said conductive substrata and said step (b) com- 
prises the steps of: 

(b-1) forming an Si02 f3m all over said first 
polysiIkx)n f flm and making holes in said SiOa 
film at positions where to couple said elastic 
support portion to said corKfuctive stibstrate, 
said holes extending down to said first polysili- 
con film; 

(b-2) forming said second polysilicon film all 
over said SiOz film; and 
(b-3) selectively etching away said second 
polysilicon film to form a pattern having a plu- 
rality of through holes and containing said mov- 
able electrode portion and said elastic support 
portion. 

34. The method of claim 33. wherein said step (c) com- 
prises the steps of: 

(c-1) forming an SiOa protective film over the 
entire areas of tiie surface and underside of 
said conductive silicon substrate; 
(c-2) forming apertures which extend through 
said Si02 protective film and down to said first 
polysilicon film inside said through holes; 
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(c-3) etching away said first poiysilicon film on 
that surface region of said conductive substrate 
opposite said rrtovable electrode portion and 
said elastic support portion and further etching 
away said surface region of said conductive - 
substrate to a predetermined depth ro form 
said low-floor portion: and 
(c-4) renrxjving said Si02 protective film. 

35. The method of claim 32. wherein said step (b) com- io 
prises the st^ of: 



(b-1) forming an SiOg film all over said first 

pnlygiliri^n; 

(b-2) forming said second pofysiiicon film all ts 
over said Si02 film; and 
(b-3) selectxvG^y etching away said second 
poJysiJicon film to form a pattern having a plu- 
rality of through holes and containing said mov* 
able electrode portion and said elastic support so 
portion. 

36. The method of claim 35, wherein said step (c) com- 
prises the steps of: 

(c-1) forming an SiOg protective film over the 
entire areas of the surface and underside of 
said conductive silicon sut}stFate: 
(c-2) forming apertures which extend through 
said Si02 protective film and down to said first 
poiysilicon film inside said through holes: 
(c-3) etching away said first poiysilicon film on 
that surface region of said corxJuctive substrate 
opposite said movable electrode portion and 
said elastic support portion and farther etching 
away said surface region of said conductive 
substrate to a predetermined depth to form 
said low-floor portion; and 
(c-4) removing said Si02 protective film. 

37. The method of claim 32. 33. or 35. wherein said 
optical switching element is a miao mirror, and said 
step (d) comprises the steps of: 

(d-1) forming a plating seed metal land on said 45 
movable electrode pordon at the position 
where to form said micro mirror; 
(d-2) forming a resist layer over the entire sur- 
^ce area of said silicon substrate and exposing 
part of said seed metal land by making a hole so 
of the same shape as said micro mirror in said 
resist layer at the position where to form said 
miao min'or; 

(d-3) filling said hole with metal for said micro 
minor by plating; and 55 
(d-4) removing said resist layer 
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